Seasonal variation in plankton community structure (phytoplankton and zooplankton), chlorophyll a and some physico-chemical properties of Rabigh Lagoon were studied during 2015. The study aimed to estimate the environmental health of Rabig Lagoon as well as renewing the ecological data base for the investigated area. The study area included seven sites situated between latitudes 22.9978° to 22.8519° and longitudes 38.8339° to 38.9616°E. The ecological parameters comprise some physical and chemical parameters as Temperature, Secchi Disc, pH, DO, S%, Nutrients "Nitrite, NO2-N; Nitrate, NO3-N; Ammonia, NH3-N; total nitrogen, T-N; Reactive phosphate, PO4-P and total phosphorus, T-P". A total of 103 species belonging to five phytoplanktonic groups were identified. The most leadings group is Bacillariophyceae (45.05%) then Cyanophyceae (33.83%) followed by Dinophyceae (20.99%). On the other hand, Chrysophyceae (0.07%). and Chlorophyceae (0.05) are considered a rare group. Chlorophyll a showed almost the same pattern with the standing crops of the phytoplankton ranged between 12.33 μg l-1 during spring and a lowest value of 5.49 μg l-1 during summer. The most dominant group of zooplankton was Copepoda (89.00%) followed by Protista (7.30%) and Rotifera (3.70%). Dominancy of Copepoda was recorded during all the investigation period except autumn. The Diversity Index fluctuated between 2.785 during autumn and 3.568 during summer. Twenty one zooplankton species belonging to 18 genera were recorded during the present study. Calculating trophic status index according to Secchi Disc methods was found to be better than chlorophyll a and total phosphorus methods. The analysis showed that Rabigh Lagoon is a mesotrophic ecosystem. Canonical correspondence analysis (CCA) was carried out to reveal the relations between the physico-Chemical parameters and plankton groups.
Introduction
One of the main factors controlling human and animal common health is considered to be the aquatic environment and its water quality. Water contamination is most regularly connected with the release of effluents from sewers or sewage treatment plants, channels and production lines to the water body of either marine or freshwater ecosystems [1] . The marine ecosystem is a particularly superfine environment which is highly susceptible to the effects of human activities [2] .
The Red Sea, as a conical shaped inland sea between the Arabian Peninsula of western Asia and the northeastern part of Africa, possesses an uncommon position among the marine basins. It broadens SE-NW between: 12°N, 43°E and 30°N, 32°E and has a surface area of 44000 km 2 , with a greatest profundity of 3,040 m, and a maximum width of 354 km [3] . It communicates at its northern end with the Mediterranean Sea through the manmade Suez Canal and at its southern end with the Indian Ocean through the strait of Dab el-Mandab.
The Red Sea contains an assortment of marine habitat, with globally perceived protection, logical, economic or for entertaining value [4] . The noteworthiness for preservation and protection arises both from man's utilization of habitats from the worldwide changes. This sea characterized by rising the salinity values southwards as a result of increasing surface temperature [5] [6] [7] . This phenomena lead to making the Red Sea one of the most saline water bodies as well as warmest.
The Red Sea coast of Saudi Arabia characterized by many lagoons such as inlets, embayment's, khore's and sharms. The expression "sharm" has been privately used to represent the tidal ponds found on the eastern side of the Red Sea, and they are described by a tight, profound, and lengthened outline. Lagoons ecology is strongly influenced from the local weather conditions such as air and water temperature as well as other physico-chemical properties [8] [9] [10] . These lagoons are exceptionally shallow basins that associate with the Red Sea waters by means of thin and shallow channels (mouths), and their Intertidal and supratidal sabkha pads, roughly 4 km wide, are typically limited to some of these lagoons and are possessed by two sorts of communities, mangroves (Avicennia marina) at the intertidal zones and algal mats at the upper intertidal and supratidal areas [11] .
The plankton of the Red Sea has been beforehand considered by a few authors, Aleem [12] , recorded 16 species of blue green algae and 27 species of Chlorophyta at the area of Obhor, Jeddah. Dowidar and Raheem El-Din [13] carried out a qualitative and quantitative study of neritic phytoplankton populations in the region of Obhor, north of along the Bulgarian Black Sea coastal basin as an indicator of the marine coastal area ecological quality. The eutrophication index was used as a tool to evaluate the water quality of any aquatic water bodies [38] .
According to European regulations, environmental data, such as the concentration of total phosphorus (TP), total nitrogen (TN), and chlorophyll a (Chl a) as well as the Secchi depth are basic trophic state indices [39, 40] . In addition to these basic ones, there are many other trophic state indices and empirical models that can be treated as measures of the degree of water eutrophication. João [41] revealed that enrichment of waters by nitrogen as well as phosphorus-based supplements drives the process of eutrophication, which thus prompts an increase of algal development, primary productivity and biomass, and in addition it aggravates the adjust of creatures and causes corruption of the water quality. Subsequently, debasement of the biological system wellbeing or potentially the supportable arrangement of merchandise and ventures are two of the primary bothersome results of eutrophication. Gupta [42] discussed a new detailed model of TSI in view of NO 2 -N with between correlation with TSI in view of Chlorophyll a, and Secchi Disk (SD) for Chilika tidal pond (India) eutrophication status.
Rabigh is a town on the western coast of Saudi Arabia (Red Sea) with a rich history dating back to the ancient Islamic times. The climate of Rabigh is characterized by extreme heat especially during the summer months, but its temperature also rises somewhat during the winter time, and relative humidity, especially in the summer with rare falling rains. Little information is known about the Rabigh Lagoon (aka. Al-Kharrar Lagoon) despite its importance to the Rabigh area. Recent urban and industrial development, mainly due to the campus of Petro-Rabigh that is located on the beach of the lagoon, has begun to exert a significant impact upon the lagoon's ecology.
A recent study by Al-Dubai [10] reported the common environmental factors such as pH, temperature, salinity, dissolved oxygen (DO), and bathymetry effective on the flora and macro-fauna of the Rabigh Lagoon. Other studies on the Rabigh lagoon were focused on its mineralogical, sedimentological, hydrographic features and geochemical aspects as well as some of the microfossils [43] [44] [45] [46] [47] [48] .
Last but not least, the Rabigh Lagoon hosts an important mangrove population of Avicenna marina species, which maintains the regulation and optimization relationship of this tropical marine environment. Mangroves area considered a place for keeping the primary producers that provide the base of the complex food web. Regardless of the richness of the mangrove environments with organic matter, such frameworks have a tendency to be supplement insufficient, particularly in nitrogen and phosphorus [49] [50] [51] [52] .
The objective of this study has several aspects, (1) to elucidate on the dynamic distribution of the plankton community in selected sites of the lagoon; (2) to identify the relationships between phytoplankton succession and their control factors due to environmental parameters; and (3) to analyze the various trophic state indices (Secchi Disc (TSI SD ), Chlorophyll a (TSI CHL ) and Total Phosphorus (TSI TP ) in order to further estimate the eutrophy of the Rabigh Lagoon as well as the diversity index and richness of the phytoplankton community during the period of our investigation.
Materials and Methods

Sampling sites
The Rabigh Lagoon situated around 140 km north of the city of Jeddah, and they recorded 112 diatom and 111 dinoflagellate species, most of them being new records in the Red Sea. In addition, they also recorded the maximum standing crop of phytoplankton during summer months. Shaikh [14] determined the annual cycle of the phytoplankton as a result of seasonal monsoonal influence in the Jeddah area of the Red Sea. Khalil and Ibrahim [15] reported diatoms as the most dominant and numerous phytoplankton and they recorded 124 species of phytoplankton in north of Jeddah. Furthermore, the results of their investigation elucidated an inverse relation between dinoflagellates and diatoms. Recently, Touliabah [16] , in a study of succession dynamics of phytoplankton across a range of ecological parameters of some water bodies at the Jeddah Coastline of Saudi Arabia that was carried in 2004, showed that the maximum peak of phytoplankton abundance was during spring while the minor peak was recorded during winter. In addition, they also identified 73 genera and 5 phytoplanktonic groups during the period of their investigation. Nassar [17] recorded the high abundance of Red Sea plankton during autumn due to the high flourishing of diatoms. Qurban [18, 19] reported that, the primary productivity of the phytoplankton of the northern Red Sea of Saudi Arabia was affected by nitrogen. Wafar [20] discussed the inorganic nutrients were increased southwards of the Red Sea basin.
Zooplankton of the Red Sea were also studied in several researches, Bottger-Schnac [21] reported decrease in total zooplankton abundance from south to north in central part of the Red Sea and Aden Gulf. He also noticed that 19 species of copepods were highly abundant in the Red Sea. Al-Aidaroos [22] reported that, the increasing the mortality of zooplankton were associated with the high illumination of the sun light especially in oligotrophic basin.
Pearman [22] [23] [24] focused in his research about zooplankton communities were associated with coral reefs. On the other hand, Cornils [25] , stated that Calanoid copepods were found to dominate subtropical mesozooplankton communities of the northern part of the Red Sea.
Thiennemann [26] and Naumann [27] were the principal researchers to utilize the expression "eutrophic" that implies excess of nutrients, and "eutrophication" that alludes to the procedure by which water bodies developed more profitable, keeping in mind the end goal to describe water bodies frameworks in Sweden. While, Nixon [28] proposed that eutrophication is "an expansion in the rate of supply of natural matter in an ecosystem". Consequently, physical parameters together with supplement nutrient levels are factors controlling the structure of phytoplankton [29] . Structure study of phytoplankton has for assessing trophic status [30, 31] . These autotrophic living beings respond rapidly to changes in the ecosystem, which are reflected by the temporal and spatial changeability in the phytoplankton communities [32, 33] .
The dangerous impact of eutrophication on the waterfront marine condition worldwide has been previously addressed by Vollenweider [34] . The marine coastal eutrophication has turned out to be more regular over the late years; words like `oligotrophy' , `meso-trophy' and `eutrophy' (this terminology was created by limnologists to represent the trophic states of water bodies) have additionally turned out to be more incessant in marine reviews [35, 36] . The unsafe impacts of eutrophication on the marine waterbodies vary from one region to another and even within the same region from one site to another. There is a general conformity that oligotrophy implies supplement poor in nutrients whereas eutrophy implies nutrient rich waters. Moncheva [37] attempted to assess the scaling of trophic status index of eutrophication (Figure 1) . The average depth of the lagoon is 4.57 m and it has an elongated shape with the long axis (20.21 Km length) parallel to the Red Sea coast and with an average width of 3.18 Km. The Rabigh Lagoon is linked to the adjacent Red Sea at the northwestern side by a narrow, deep inlet (depth about 22 m) while in the southern part it is connected to the Rabigh area. The two small islands inside the Khore host a mangrove population of Avicenna marina species. During periods of flood or stream, water overloads may enter from any direction around the lagoon. The description of the site description is summarized in Table 1 and Figure 1 .
Physico-chemical measurements
The hydro-chemical parameters such as water depth (measured by Ecosounder-UWTEC), temperature, salinity‰, pH and dissolved oxygen (DO) were measured in situ using a YSI 556 MPS Meter. Transparency (SD) was detected by lowering the Secchi Disc (25 cm in Diameter) colored by black and white surface.
Subsurface water samples were collected seasonally from each sampling site in 2015 using a Polyvinyl Chloride Sampler. Physicochemical parameters were estimated depending on the standard methods of examination of water and wastewater [53] . The measured parameters were Nitrite-Nitrogen (NO 2 -N), Nitrate-Nitrogen (NO 3 -N), Ammonia-Nitrogen (NH 3 -N), Total Nitrogen (TN), Reactive phosphate (PO 4 -P) and Total Phosphorus (TP).
Plankton
The phytoplankton samples were processed by applying the standard methodology [53] [54] [55] [56] . Species identification was performed under an embedded system using an NLCD-301 microscope with a digital camera at x400 and x1000 magnification by using PalmerMaloney counting chambers. Identification was carried out according to [57] [58] [59] protocols.
The chlorophyll a levels were estimated spectrophotometrically [60] by utilizing the equations of Jeffrey [61] and Lorentzen [62] .
The zooplankton tests were gathered with tiny plankton net (25 cm diameter and 100 μm mesh size) and immediately fixed with 4% formalin, and the identification to the species level utilizing a binocular microscope. Moreover, species abundance quantification analysis was performed by Dimov's approach [63] .
Statistical analysis
Diversity index: The diversity index, a classical measure of stability, was calculated according to Shannon [64] and Heip [65] .
Trophic status index:
The trophic state was determined by the Trophic State Index (TSI) using a logarithmic of the chlorophyll a concentration (Chl a), Secchi depth (SD) and total phosphorus (TP) [66] , according to the Kratzer [38] modification shown in the following equations:
Ln SD TSI (SD) = 10× 6 -Ln 2
Where TSI: Trophic Status Index.
SD: Secci Disc Readings by meters.
TP: Total phosphorus readings by µg/l.
Chl.: Chlorophyll a by µg/l.
Cluster analysis: A cluster analysis was performed according to Sørensen [67] in order to divide the studied area into homogenous sites based on the similarities in plankton species' composition.
Canonical correspondence analysis (CCA):
CCAs of the planktonic groups against the obtainable physico-chemical parameters were performed according to the Ter Braak [68, 69] method using the MVSP 3.12b multivariate statistical package software [70] .
Results and Discussion
Throughout the present study, air and water temperatures took the ordinary cycle for the transient areas with variance between the highest water and air temperature of (32°C-43°C) during summer and the lowest temperature (20°C-26°C) during winter. The profusion of the water temperature was impressively lower than the relating recorded of the air. The regional fluctuation of temperature is presented in Figure 2 .
The depth profiles of the study sites showed a considerable decrease toward the south part of the lagoon at site 1 (Al-Kharrar Site), where the maximum depth was 12.65 m. On the other hand the deepest value was recorded at site 7 and it was 0.9 m (El-Kaar or Makar Elsabeel). The regional changes of the bottom profile in relation to the transparency (Secch Disc "SD") are summarized in Figure 3 .
The water transparency decreased gradually towards the southeastern side of the lagoon. The regional average water transparency ranged between 0.8 m at site 7 as a result of flood drainage and the nature of a muddy bottom at this site and 6.45 m at site 1 (Table 1 and Figure 2 ). The reduction of the transparency due to the slit may be coming from Kharar Elsabeel, on the south-west of the lagoon. It has been previously shown that water transparency can be decreased by either turbidity (suspended matter in the water column that affects the passage of light) or high plankton abundance. Depending on the corresponding analysis, the transparency was correlated positively with Dinophyceae and negatively with Bacillariophyceae. Our results were agreed by the data obtained by Ganai and Parveen [71] . Ganai and Parveen [71] reported that, transparency one of the most important factor affecting on the turbidity as well as on the plankton in in Wular Lake at Lankrishipora, Kashmir. There is an inverse relation between the transparency (SD) and total phytoplankton (r =-0.81), chlorophyll a (r =-0.85) and TSI based on SD (r=-0.89). The obtained results agree with a previous report by Hariri and Abu-Zied [72] that showed heavy metal concentrations in the sediments of the Rabigh Lagoon and the brine pool of Salman Bay on the eastern Red Sea coast of Saudi Arabia.
The salinity of the Rabigh Lagoon showed a remarkable increase southwards even during the summer season. This may be attributed to the high evaporation rates. Salinity ranged between 37.41% recorded at Site 1 during winter and 43.00% recorded at Site 5 during summer. The average salinity during the period of investigation was 40.23% ± 2.17% ( Figure 2 ).
The lowest salinity was recorded at site 1 (entrance of the lagoon) and this fact may be attributed to the replace of water between the lagoon and the Red Sea. Similar results were shown by Ahmad and Sultan [73] , who reported such water exchange as a response to the multiplicity of meteorological forces (e.g. tide, wind) in the Shuaiba Lagoon (on the Eastern Coast of the Red Sea).
The Red Sea is a special zone in the tropics for several reasons. It is incompletely separated from the open Indian Ocean, there is no stream inflow and powerless precipitation is confined during the period from October to May. It has a high net evaporation rate due to the high temperature and the bright vitality, which consistently leads to high salinities.
The tenth report of the joint panel on oceanographic tables of the UNESCO organization reported that lagoons possess around 15% of the world's coastal zone [35] . The same report showed that a large number of faunal species incidentally live in tidal lagoons that offer an ideal habitat for proliferation [35] .The physico-chemical parameters of the lagoons play an essential factor for the whole aquatic ecosystem. The limited area and shallow waters of lagoons can contribute to the rapid changes in temperature, salinity and other abiotic factors observed in these microenvironments [71, 74] . DO is the most basic parameter for living biota occupying the aquatic environment. Sources of DO in water include the climatic air circulation and the photosynthetic exercises of the aquatic flora. The values of the dissolved oxygen reported in the present study fluctuated between 5.04 mg l -1 at Site 2 during summer and 7.44 mg l -1 at site 7 during spring. The average value of DO during the entire period of study was 6.54 mg l -1 ± 0.67. These variations may be related to the difference in the photosynthesis processes.
The variations of the dissolved inorganic nitrogen, total nitrogen, orthophosphate and total nitrogen are summarized in Figure 4 . Similar data were obtained by Touliabah [4] in their article about a number of pools at the Jeddah Corniche.
The total phytoplankton composition of the Rabigh Lagoon during the period of our study is shown in contour Figure 5 . A total Figure 6 shows the percentage abundances of each class composition of phytoplankton in the studied areas. During the present investigation, the most abundant groups were, Bacillariophyceae, Cyanophyceae and Dinophyceae. They formed 45.05%, 33.83% and 20.99% of the total phytoplankton standing crop, respectively. Chrysophyceae and Chlorophyceae represented rare groups in the studied areas with a percentage frequency of 0.07% and 0.05% of the total phytoplankton respectively.
The phytoplankton composition is affected by two main important environmental factors. The first one is related to physical processes such as mixing due to turbulence and the second one is associated with the nutrients as well as some of the phytoplanktonic groups. Here we show a direct relation between total phytoplankton and dissolved oxygen (r=0.65), Bacillariophyceae (r=0.83), Cyanophyceae (r=0.66) and the calculated trophic status index dependent on chlorophyll a (r=0.71). On the other hand, total phytoplankton exhibited an inverse relation with NH 3 -N (r=-0.64) and pH (r=-0.65). These findings agree with the previous data obtained by Buzzi [75] , Touliabah [4, 16, 76] . Touliabah and Taylor [76] reported that, the phytoplankton blooms in the Bitter Lakes (Egypt) were highly correlated with the environmental properties than any other factor. The clarification of phytoplankton response to these variables is necessary for understanding hydrological differences in such coastal basin [76] [77] [78] . Besides their importance as primary producers in food webs and make certain ecological balance, species of phytoplankton can be useful indicators of the water quality [79] . Shaikh [14] determined the annual cycle of phytoplankton species as the result of seasonal monsoonal influences exerted in the general vicinity of Jeddah, and they showed that the biomass and production of the phytoplankton peaked during the winter and summer months (1977) (1978) .
The standing crop of the Bacillariophyceae reached its highest values during the period of our study, with the exception of the summer season, during which their standing crop was the second highest after Cyanophyceae (Figure 7) . Members of Bacillariophyceae were the most predominant during the study period, except for summer period during which they were the second most predominant species. Bacillariophyceae were the most abundant accounting for 45.05% of the total plankton community. A total of 44 diatom species were recognized in the study areas. Depending on the seasonal variation, two peaks were recorded, one during spring (50. The highest population density of the Bacillariophyceae was 15.95 × 10 3 Cells l -1 and it was recorded at El-Kaar (site 7) in the summer, which comprised 25.76% of the total phytoplankton standing crop. On the other hand, the least diatoms crop of 66.83 × 10 3 Cells l -1 was observed at the same location of Al-Khaar (site 7) in the spring, forming 57.88% of the total phytoplankton crop.
Depending on the seasonal average of Bacillariophyceae, the leading diatom species were representing 32.13% of the total Bacillariophyceae. The population densities and percentage abundance of the most leading species are shown in Figure 8 .
Our data agree to some extent with the data obtained by Touliabah [4, 16] and Sawai [80] .Touliabah [16] recorded the Bacillariophyceae as the second dominant group after Dinophyceae. They reported that, the percentage abundance of this group was 27.9% of the total phytoplankton standing crop in Jeddah. In that article, they recorded 39 species of the Bacillariophyceae. Our data revealed that, there are some leading species such as Cocconeis placentula Ehrenberg and Nitzschia sigma (Kutz.) W. Smith that was recorded as the chief species in Touliabah [16] . Touliabah [4] reported the Bacillariophyceae as the second most predominant group (26.01% of the total phytoplankton crop) after the Cyanophyceae group in some saline pools of the coastal area of Jeddah. The chief species were Pseudo-nitzschia delicatissima (Cleve) Heiden, Nitzschia sigma (Kützing) Smith and Nitzschia longissima (Brebission).
Cyanophyceae occupied the second most predominant position, contributing 33.83% of the total plankton community. A total of 29 species were identified in the study areas. The seasonal variations of Cyanophyceae are shown in Figure 7 . Here we have recorded two peaks, the minor one was during spring (32.50% of the total Cyanophyceae) while the maximum one was during summer (37.06% of the total Cyanophyceae). Furthermore, the lowest population density of Cyanophyceae was observed during winter (9.11% of the total bluegreen algae). The total population density of Cyanophyceae fluctuated between a maximum value of 43.85 × 10 3 Units l -1 at site 4 in the summer and a minimum value of 7.33 × 10 3 Units l -1 at site 2 in the spring. Cyanophyceae were the dominant group during the summer season across the investigation area. The most leading species of the blue-green algae were Merismopedia punctata Meyen, Lyngbya spiralis Geitler, Phormidium fragile (Meneghini) Gomont, Lyngbya epiphytica Hieron and Trichodesmium erythraeum Ehrenberg, which were previously registered as marine species [81] .
Our Cyanophyceae data agree with the data obtained by Yerli [82] , who reported that the Cyanophyceae blooms in Lake Mogan (Turkey) were present in the summer season, a feature that distinguishes the eutrophic lakes especially in northern temperate regions.
Members of Dinophyceae occupied the third most predominant position, contributing 20.99% of the total plankton during this study ( Figure 9 ). Twenty five species were identified with a total population density of ranging between a maximum of 47.52 × 10 3 Cells l -1 at site 6 during autumn and a minimum value of 8.32 × 10 3 Cells l -1 at site 3 in the summer (forming 41.29% and 10.31% of the total dinoflagellates, respectively). The population density of this group was remarkably higher during autumn across the investigation area. During the present study, the most leading species of Pyrrophyceae were Gonyaulax sp., Ceratium breve (Ostenfeld and Shhmidt) Shroder, Ceratium lineatum (Ehrenberg) Cleve, Protoperidinium globulum Jorgensen, Protoperidinium bipes Paulsen and Ceratium gracile (Gourret) Jorgensen. Dowidar [83] identified 51 of the Ceratium species, of which 23 species were new records during his study of the seasonal and spatial distribution of Ceratium species in the central and northern Red Sea.
In addition, we showed that Chlorophyceae (only Dunaliella sp.) and Chrysophyceae (only Dictyocha fibula Ehrenberg) represented rare groups with a percentage frequency of 0.05% and 0.07% of the total phytoplankton respectively.
Chlorophyll a showed almost the same pattern with the standing crops of the phytoplankton, fluctuating between a maximum value of 12.33 µg l -1 during spring and a lowest value of 5.49 µg l -1 during summer. The relationship between concentration of chlorophyll a and phytoplankton standing crop was calculated, and we confirmed their clear correlation (r=0.72). Also, the values of the standing crops of plankton observed during these investigations are analogous to the observed values from previous studies in lakes with similar trophic state [84] [85] [86] .
Zooplankton
The relative abundances of zooplankton taxa measured during this study were Copepoda which represented 89.00% of the total zooplankton, trailed by Protista (7.30% mainly Tintinnates) and Rotifera (3.70%, Figure 10 ). Figure 10 Shows the most dominant group in this study was Copepoda in all the investigation period except autumn which replace by Protozoa (58.00% and 36.00% of Copepoda of the total zooplankton, respectively). The maximum abundance of copepods, mainly in nauplii and copepodite stages, this accounted for 36.00-61.00% of the total zooplankton community, while adult copepodes were dominated by calanoids of the Rabigh Lagoon. The minor relative abundance of rotifers was 3.70% during the study period. Similar results in relative abundance of zooplankton groups were previously reported in the northern part of the Red Sea [87, 88] and insome lakes in Japan [89] [90] [91] and in Egypt [92] . Dominance of calanoids agreed with Cornils [93] for the northern part of the Red Sea, he reported that bulk of the mesozooplankton (>70%) have climax of calanoids, cyclopoids and appendicularians.
The zooplankton densities of the Rabigh Lagoon peaked at site 4 while the lowest densities were recorded at site 7 that explains the high abundance of phytoplankton during summer season. In addition, our results show a high abundance of zooplankton (1200 Org. l -1 ) during autumn at site 4, while the lowest abundance of zooplankton (100 Org l -1 ) was recorded at site 7 during summer. Furthermore, our study in the Rabigh Khore identified 21 different species belonging to 18 genera with nauplii and copepodite stages being maximum than the adult forms which represented 30.00% and 35.00% of the copepods, respectively. That Result coincides with results of Calbet [94] for the Red Sea. The total copepod density ranged between 600 Org l -1 at site 7 during autumn and 21000 Org l -1 at site 4 during spring.
The low abundance of Copepoda observed in autumn, coincided with the drop in the temperature of the surface layers, given that copepods prefer staying in the deeper layers (approximately 5-10 m) [24, 92, 95] . Here, we should note that our sampling took place during the day, a period during which copepods tend to migrate to the bottom layers. During our study the low number of nauplii during summer was followed by an increase in the number of copepodites. According to a previous study, a response of a cohort to environmental changes can trigger synchronization of the nauplii to copepodite succession [95] . Figure 11 Summarizes the total zooplankton during the period of our investigation.
Statistical data
The trends of the diversity index in relation to the number of species were calculated for each site during the period of investigation ( Figure 12 ). The Diversity Index fluctuated between 2.785 at site 1 during autumn and 3.568 at site 4 during summer. On the other hand, the number of species increased southwards up to site 4 then decreased gradually up to site 7. Furthermore, we found no noteworthy seasonal variations in the number of species. The lowest number of species was recorded at site 7 during summer, while the highest number of species was observed at site 4 during summer too.
We also noticed a highly positive correlation between the diversity index and the number of species (r = 0.88) during the period of our study. A diversity index value of less than 1 indicated instability while values exceeding 3 indicated stability or clean water [96] . Based on Shannon-Wiener [64] we used the diversity index to assess species dispersion across a number of sites of the studied area.
Trophic status index
The analysis of different trophic state indices, abiotic parameters and distinctive water classifications demonstrated the eutrophic and even the progressed hypereutrophic of the lagoon waters
The trophic status index was calculated according to Secchi Disc Transparency and showed a remarkable increase moving southwards from the entrance of the lagoon up to site 7. The lowest value of TSI ( SD ) was 33.22 and it was recorded at site 1. In contrast, the highest value of was 66.33 and it was recorded at site 7. Also, according to Carlson [66] equations the trophic status index of the Rabigh Lagoon fluctuated from oligotrophy at the northern sites to eutrophic at the southern sites. The Trophic Status Index is presented in Figure 13 .
On another hand, the trophic status index of the Rabigh Lagoon according to the Secci Disc (TSI (SD) ) equations was more powerful (r=0.93) than the trophic status index equations based either on chlorophyll a (TSI (Chl a) , (r=0.69) or total phosphorus (TSI (TP) , r=0.62). This may be due to many factors like the flood does not have a fixed time, and the flood inside the khor comes from everywhere surrounding its lagoon.
TSI values can be used to rank water bodies within sites and between regions. This ranking allows water managers to objectify water bodies that may require restoration or preservation activities as in our case with the Rabigh Lagoon. A close monitoring of the TSI of the lagoon for the next several years will enable us to prevent this area from degradation and conserve its ecological importance. Statistically, the calculating of trophic status index according to Secchi Disc methods was found to be better than chlorophyll a and total phosphorus methods.
Our data agree to some extent to Carlson's index, which is is one of the most regularly utilized trophic lists worldwide and it is the trophic index used by the United States Environmental Protection Agency. The trophic state is characterized by the collective weight of biomass in a given water body at the season of estimation. Since they are of open concern, the Carlson index utilizes the algal biomass as a goal classifier of the water body's trophic status. Carlson's [66] trophic state index (TSI) depends on the algal standing crops, which is dependent on Chlorophyll a, as the basis for trophic state classification. Algal biomass can also be estimated using other variables, such as Secchi depth, and total phosphorus. In some waterbodies total phosphorus and transparency often correlate, thus doubling of the total phosphorus often results to halving of the Secchi depth. Furthermore, the pigments of chlorophyll double every 7 units instead of every 10 units [97] . Despite the fact that the index range has no lower or upper limits, its values usually range from roughly zero to 100. While transparency and phosphorus may co-disagree with the trophic state, as in our case, the changes in transparency are due to changes in algal biomass. Carlson [98] stressed that the averaging of chlorophyll with the calculated chlorophyll based on Secchi depth is equivalent to assuming that is better estimated values. Secchi depth and Chlorophyll a should be used as a replacement, not covariate, of total phosphorus in our case of the Rabigh Lagoon. The obtained data as well as the calculation of the trophic status index agree with previous reports by Trifonova [84] which concluded that, higher nutrient levels in water bodies can lead to an increase in the abundance and biomass of phytoplankton, a progression that also alters the taxonomic composition of the planktonic community. In addition, Reynolds [99] described a set of plankton functional groups that can characterize various types of environments. Here, our data confirm Karydis [100] , who reported that, there are many methods to assess the eutrophication index in order to evaluate the environmental impact according to the nutrient concentrations and phytoplankton biomass, and he further divided the coastal waters into oligotrophic, mesotrophic and eutrophic.
Our cluster analysis was able to map the correlation according to the Bray-Curtis methodology [101] and the similarity matrix was used to construct the cluster dendrogram. These results are shown in Figure  14 , and they can be summarized as follows.
The highest similarity of plankton species composition was found to be 93.7% for sites 1 and 2, 91.5% for sites 6 and site 7 as well as 89.6% for sites 4 and 5 during summer; 86.7% for sites 2 and 3 and 80.9% for sites 5 and 6 during winter; and 86.9% for sites 6 and 7, 84.9% for sites 2 and 3 and 79.4% for sites 4 and 5 during spring. According to our cluster analysis ( Figure 14) the Rabigh Lagoon can be divided into three main groups; the first one containing sites 1, 2 and 3; the second one containing sites 4 and 5 and the last group containing sites 6 and 7.
We further used the CCA to determine the relationships between phytoplankton and environmental variables during our study, since CCA can disseminate gradients from the biotic and the available abiotic factors. The important variables (abiotic) are quantitatively represented in graphical biplots using arrows, where the direction indicates direct or indirect correlations while their length is relative to the importance of the biotic factor (plankton and chlorophyll a).
The CCA was used to look at how plankton groups are distributed ( Figure 15 ). In this analysis, the environmental parameters are represented by arrows, where their length represents the relation power of each variable relatively to the biotic factor within the ordination. The length and direction of each arrow shows the strength of the relation between the different groups of the plankton community during our study.
The ordination of CCA revealed that Cyanophyceae have a positive strong relationship with both salinity and nitrite levels, and a negative relation with reactive protophosphate. These relations are in accordance with previous studies by Millie [102] for the St. Lucie Estuary, Florida (USA), Totti [1] for the North Adriatic Sea; Chen [103] for the South China Sea and Touliabah, [16] for the Northern part of the Jeddah Coast. On the other hand, member of Dinophyceae correlated positively to the pH, total nitrogen, total phosphorus, ammonia and the transparency. Also the Dinoflagellates correlated negatively with the dissolved oxygen. Furthermore, the Bacillariophyceae group was affected directly from the dissolved oxygen and negatively with ammonia, total nitrogen, total phosphorus, pH and the Secchi Disc readings. Finally, the total plankton showed as a hanging parameter, which is readily affected by most abiotic parameters.
Conclusions and Recommendations
In conclusion, the Rabigh lagoon is an oligotrophic ecosystem with some mesotrophic parts and two eutrophic sites at the southern part (Site 6 and Site 7) due to the presence of a mangrove area. Our preliminary study on the Rabigh Lagoon suggests that more extensive ecological studies should be carried out in this ecosystem. Our data showed that the water quality and planktonic dynamics mirrored seasonal hydrologic and salinity regimes across the entire investigated area. Our proposition is to characterize this lagoon as a natural reserve area in order to conserve its rich coral reefs, sponge and fish communities from the potential dangers of the large industrial zone that exists nearby the lagoon.
Towards this goal we recommend:
• A more frequent sampling regime than the one used in the present study for a more realistic interpretation of system-level variability within the coastal waters, particularly in an attempt to understand the response of water quality and plankton to natural and/ or human impacts.
• This study considered a baseline and monitoring studies for future by using TSI as a predictor for the lagoon management and field programs in order to monitor the health of lagoon.
•
The establishment of water quality criteria since sea water is used for drinking after desalination.
